Aim: To determine the prevalence and risk of anemia in type-2 diabetes mellitus. In addition, the incidence and risk of anemia in these patients were assessed according to gender and glycemic control status. Methods: The study group comprised 200 patients with type-2 diabetes. Patients were divided into groups according to glycemic control and gender. Glycated hemoglobin (HbA1c), blood glucose level, hemoglobin concentration, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) of subjects were evaluated. The presence of anemia was defined by a hemoglobin level <13.0 g/dl for men and <12.0 g/dl for women. The patients were considered as diabetic if he/she had glycated hemoglobin >6.5%, fasting blood glucose >126 mg/dl and random blood glucose >200 mg/dl. Result: 63% of diabetic patients had anemia. There was higher incidence and risk of anemia in females (36%) as compared to males (27%) (p < 0.05) and in poorly controlled diabetes HbA1C >7.5% (49.5%) compared to those with controlled diabetes HbA1C < 7.5% (13.5%) (p < 0.05). Conclusion: This study indicated that poor glycemic control and gender difference are associated with the incidence of anemia in type II diabetes. Our findings suggest the need of screening for anemia in diabetes out-patient clinics. Routine hematological tests along with blood glucose level should be mandatory in order to make therapeutic decisions for the treatment of anemia in type II diabetes mellitus.
Introduction
Diabetes mellitus is a major cause of morbidity and mortality [1] , affecting approximately 6.9 million people in * Corresponding author.
Pakistan [2] . It is a chronic disease that represents a heterogeneous group of metabolic disorders that includes hyperglycemia or hypoglycemia.
Diabetes mellitus is classified as Type-1 diabetes mellitus that results from autoimmune destruction of insulin producing beta cells of pancreas. It is also called Juvenile diabetes or insulin dependent diabetes. Type-2 diabetes mellitus that results from insulin resistance, a condition in which cells fail to properly use insulin. It is seen mostly in adults and is also called non insulin dependent diabetes. Gestational diabetes mellitus develop during pregnancy that improves or disappears after delivery but 20% -50% cases can develop type-2 diabetes mellitus later in life [3] .
Anemia is a common blood disorder [4] [5]. It is increasingly recognized entity in patients with diabetes mellitus [6] . It is a clinical condition characterized by reduction in hemoglobin concentration of blood below the normal level (as defined by WHO criteria <13 g/dl for men and <12 g/dl for women) for the age, sex, physiological problem and altitude [7] . Anemia is considered as a key indicator of chronic kidney disease, eye disease and an important cardiovascular risk factor [5] [8] [9] therefore diabetic anemic patients life span is less as compare to non anemic diabetic patients.
Complications for the earlier onset of anemia in patients with diabetes are severe symptomatic autonomic neuropathy, causing efferent sympathetic denervation of the kidney, loss of appropriate erythropoietin, damage to the renal interstitium, systemic inflammation and inhibition of erythropoietin release [5] [10] . Previous studies have shown that the incidence of anemia is mostly associated with the presence of renal insufficiency in diabetic patient because kidneys are unable to produce enough erythropoietin, hormone that controls the production of RBCs due to diabetic neuropathy which affects nerves and body fails to compensate erythropoietin level and leads to anemia [5] [11] [12] .
People with diabetes also have nutritional deficiencies for example iron, folate and vitamin B12 deficiency which can result in different types of anemia. Vitamin B12 deficiency can also occur due to diabetic medication, metformin (glucophage) which interfere with Vitamin B12 absorption [13] [14] .
Anemia with type-2 diabetes remains unidentified because both of them share similar symptoms such as lethargy, pale skin, chest pain, irritability, numbness/coldness in the hands and feet, tachycardia, shortness of breath and headache [14] .
In the present study, we aimed at demonstrating the prevalence and risk of anemia in type-2 diabetes mellitus. In addition, the incidence and risk of anemia in these patients were assessed according to gender and glycemic control status.
Methods

Subjects
This cross-sectional and retrospective study comprised data of 200 type-2 diabetic patients recruited from Ameen Diabetic Centre, Karachi-Pakistan. Diabetes and anemia was diagnosed by patient's self report. Patients were divided into groups according to: 1) glycemic control [patients with controlled diabetes (n = 57) and those with poorly controlled diabetes (n = 143)]; 2) Gender [male (n = 100), females (n = 100)]. The controlled diabetic group comprised those whose HbA1c level was equal to or <7.5% and poorly controlled diabetic group comprised those whose HbA1c level was >7.5%. The patient were considered as diabetic if he/she had glycated hemoglobin (HbA1c > 6.5%), fasting blood glucose (FBG > 126 mg/dl), random blood glucose (RBG > 200 mg/dl) [15] while the presence of anemia as defined by World Health Organization, a hemoglobin level <13.0 g/dl for men and <12.0 g/dl for women [5] [16] . Besides hemoglobin, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) was also calculated for diagnosing types of anemia.
Blood samples were collected from the subjects by trained phlebotomists under aseptic conditions by standard phlebotomy technique. Blood samples were collected into sodium fluoride and tri-potassium ethylenediamine tetra-acetic acid (K3 EDTA) anticoagulant tubes for fasting blood glucose (FBG), random blood glucose (RBG), glycated hemoglobin (HbA1c), hemoglobin, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) measurements respectively. Study includes male and female patients above 40 years with type-2 diabetes and anemia. Patients with type-1 and gestational diabetes were excluded. Data for the study was provided and approved by Ameen Diabetic Association.
Statistical Analysis
Statistical analysis were done using SPSS for Windows version 16.0. Significance was set as p < 0.05.
Results
For this current study 200 type-2 diabetic patients of both gender (males = 100, females = 100) were selected. Among these 200 diabetic patients 143 (71.5%) were poorly controlled diabetics (HbA1C > 7.5%) and 57 (28.5%) were controlled diabetics (HbA1C < 7.5%). Out of 200 patients 126 were presented with anemia representing 63% incidence of anemia. As our aim was to examine prevalence of anemia in diabetic patients it was observed that there was significantly higher risk of developing anemia. 49.5% (n = 99) of the patients with poorly controlled diabetes; 13.5% (n = 27) of those with controlled diabetes; 36% (n = 72) of the diabetic women and 27% (n = 54) of the diabetic men were found to be anemic (Figure 1) . Table 1 revealed that the incidence of anemia were higher in patients with poorly controlled diabetes than controlled diabetes (p < 0.05) and the odds of anemia were higher in diabetic females than diabetic males (p < 0.05).
Discussion
Anemia is an increasingly recognized entity in patients with type-2 diabetes mellitus [6] . Anemia along with diabetes is an alarming condition because of increased risk of developing eye disease, heart disease or a stroke therefore the life span of patients who have anemia along with diabetes is less as compare to people who have diabetes but no anemia [14] .
The current study includes 200 diabetic patients selected on the basis of HbA1c level. Out of that 71.5% had poorly controlled diabetes (HbA1c > 7.5%) which is supported by previous studies that poor glycemic control was present in 65.1%, 66.7%, 46.7% and 69% of patients in Jordan, Kuwait, Pakistan and UK respectively [1] [17]- [19] . The factors which are associated with poor glycemic control among patients with type-2 diabetes are chronic diabetes, higher BMI, hypercholesterolemia, hypertriglyceridemia, elevated LDL, patients on combination of oral anti diabetic agents and insulin, patients who do not follow dietary regimens, do not practice any physical activity, who are not adherent for medications and do not regularly perform home glucose monitoring all these factors were reported in one of the previous study [1] .
In the present cross-sectional study, 63% of diabetic mellitus patients were diagnosed with anemia in contrast the previous study reports 15.3% and 19.6% [5] [20] . The possible reason is due to poor nutrition, poverty, lack of awareness and illiteracy, as this study was performed in Karachi, Pakistan. It is a cosmopolitan city where most of the population consists of migrants from rural areas. It is also indicated that poorly controlled diabetics had higher incidence of anemia (49.5%), in which (26%) had normocytic normochromic anemia and it has been reported that longstanding poorly controlled diabetes is associated with normocytic normochromic anemia [5] [11] while (15.5%) had microcytic hypochromic anemia. It has been established that diabetic autonomic neuropathy is a major complication of poor glycemic control [12] [21] . Since erythropoietin production and release is regulated by autonomic nervous system therefore higher incidence of anemia in poorly controlled diabetic patients is due to impaired erythropoietin production [5] .
In past study, Craig et al. [20] [22], reported higher prevalence of anemia in diabetic males(17.8%) than diabetic females (11.8%) in contrast our result indicates higher incidence of anemia in diabetic females (36%) than diabetic males (27%). The possible reason for higher incidence of anemia in females is that the current study was performed in Pakistan where women' health needs are determined by gender disparities, illiteracy, lack of empowerment to make decisions related to health, poor nutrition and giving more importance to their men. Therefore, in order to be relevant and appropriate to women's health needs the Pakistan Health Policy should use gender equity in health and health related sectors, strengthen health systems through creation of gender equity among all cadres of health provider, tailoring health interventions to counter gender-based obstacles, dissemination interventions for behavior change and expand the focus from reproductive health to life cycle approach to address all issues around women's life [23] .
Thus our findings suggest that a reduction of blood glucose levels and the targeting of acceptable glycated hemoglobin levels would help reduce the risk of anemia in the diabetic population. There is an urgent need for proper diabetic care and management for diabetic senior citizens, who have limited food choices and are more vulnerable to iron deficiency anemia. Therefore, physicians should recommend them to take iron and vitamin supplement and take nutritious iron-rich diet. Foods rich in iron include seafood, beans, whole-grain products and nuts. Many processed foods and milk are also reinforced with iron.
As high incidence of anemia was observed in diabetes mellitus we recommend that routine hematological tests along with blood glucose level should be mandatory in diabetic outpatient clinics in order to make optimal therapeutic decisions for treatment of anemia in type-2 diabetes mellitus.
Besides patients should be motivated to use the medications as prescribed, continuous education should be recommended to encourage physical activity and diet regimen adherence. Correction of anemia may have a significant role in prevention of other diabetic complications.
